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INTRODUCTION

During the past few years the Army Missile Command has been inter-
ested in the adverse effects of the propulsive jet plume on missile aero-
dynamics. Of particular importance are the effects on missil: longitudi-
nal stability. A research program has been established as a means of
obtaining the understanding necessary for proper design of future missiles
susceptible to this problem (see Reference 1).

It was previousiy shown that plume induced instability could be
avoided by moving the fins forward from the base and using fins of suffi-
cient size. Results also indicated that stability margin might be con-
trolled to a precision where plume effects could be used to advantage as
a means of reducing missile wind sensitivity. Later test results appear
to substantiate this judgement. Fins can be located in a position to
retain most of their effectiveness, while the plume still has a signifi-
cant destabilizing influence on the missile body. Thus, based on avail-
able data, the desired unstable transonic-stable superconic stability
characteristics can be attained.

Previous tests at the CALSPAN transonic tunnel were made at Mach
numbers up to 1.25. The procent test extended the results up to a Mach
number of 2.3. Also, tests were made at Mach numbers of 0.2 and 0.4 and

at angles of attack up to 11 degrees to determine launch crosswind effects.




APPARATUS AND TESTS

The model is a sting mounted body of revolution, 5 inches in diam:ter
and 5%-inches long with a 30 caliber tangent ogive nose. The model was
tested in combination with two different sets of cruciform rectangular
fins set at zero degrees roll. For the present test the fins were tested
in the forward location only {Fin trailing edge 1.5 calibers ahead of
the model base). The fin geometry is shown in figure 4.

The geometry of the fins tested is as follows:

Fin Chord (in) Semi_span (in)
F1 5.0 2.5
F2 3.0 2.5

The plume simulator consisted of 24 c<onic jets normal to the sting center-
line and arrarged circumferentially in two rows with a common air chauber
(see figure 3). The simulator was located 0.5 caliber aft of the inodel
base. The combined exit area of the 24 jets represented 6 per cent of
the model base (reference) area. The level of plume simulation was es-
tablished by setting various pressures in the simulator chamber.

Tunnels 16T and 16S are closed-circuit, continuous-flow tunnels that
can be currently operated at Mach numbers from 0.20 to 1.6 and 1.5 to 2.4,
respectively. The test sections are 16 by 16 ft in cross-section and
A0 ft long. Details of each tunnel's capabilities and supporting equip-
mer;t can be found in reference 5. Photographs of the model installed in
the test sections are shown in figures 6 and 7 and sketches of the location

of the models in the tunnels are shown in figure 5,




Total model force and moments were measured using a 2.0-inch, 6-com-
ponent balance, with normal and side force capacities of 1800 pounds and
900 pounds, respectively. The balance was mouiited in the model, such
that the balance 900-pound capacity side-force cages measured mcdei normal
forces, in order to achieve better data resolution in the model »itch
plane. Fin forces and moments were measured using 5-component (no axial
force) balances, with a nominal normal force capacity of 60 pounds.

A static pressure measurement was made in the balance cavity and was
used to calculate the balance cavity axiai torce. Two static pressure
measurements were made at the base of the model and were used to caicu-
late base pressure.

Model angle of attack was measured using a pendulum-type angie sensor,
with a backup measurement determined from balance-sting deflections.

Steady-state data were obtained at free-stream Mach numbers from 0.2
to 2.3. The tunnel test conditions were held constant at each Mach number.
Plume effects were obtained by setting and maintaining a specific value of
chamber pressure while angle of attack was varied.

Model aerodynamic coefficients were tabulated in the body-axes sys-
tem and referenced to model station 26.5 inches., No correction was made
to the data for tunnel flow ancialarity. Fin moment coefficients were
referenced to the fin hinge-line and fin root bending moment coeff:icients
were referenced to the fin-body intersection. The positive orientation

of the model and fin forces and moments are shown in fiyure 2.




TEST CONDITIONS

The test was conducted in the AEDC Propulsion Wind Tunnels, Super-
sonic (16S) and Transonic {16T), respectively. Tunnels 16T and 16S & :
closed-circuit, continuous-flow tunnels that can be currently operated
at Mach numbers from 0.20 to 1.6 and 1.5 to 2.4, respectively. The pur-
pose of the test was to determine the Mach number range of adverse jet
plume effects on missile longitudinal stability, Similar data were pre-
viously obtained at the Calspan Corporation 8- Foot Transonic Wind Tunnel.
Three configurations were tested {body with Fins F1, body with Fins F2,
and body alone) at various simulated plume shapes, at model angles of
attack from -4 to 11 deqrees at zero degrees yaw, zero degrees roll, and
at free-stream Mach numbers from 0.2 to 2.3. Steady-state data were
obtained at these free-stream Mach numbers. The tunnel test conditions
were held constant at each Mach number, and the plume shape was generated
by setting a specific value of high-pressure air in the plume simulator
chamber and discharging the air radially. The Radial Thrust Coefficient
(CRT) is a measure of the plune shape and is a function of the free-stream
Mach number and the simulator pressure., At specified levels of CRT and
Mach number, the model angle of attack was varied from -4 to 11 degrees
at the free-stream Mach numbers of 0.2 and 0.4. At all other Mach numbers,

tha angle-of-attack range was -4 to 4 degrees.
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PLUME SIMULATION

In the past, the Army Missile Command has used base pressure ratio
Pp/P, S an indication of the onset and the severity of plume effects on
missile aerodynamics (see reference 1), One of the parameters that can
be convenien:ly used to ~orrelate base pressure is thrust coefficient CT,
where CT is axial thrust non-dimensionalized by dynamic pressure and body
cross-sectional area, (S.a¢). For the normal jet simulator a similar
parameter is radial thrust coefficient, CRT, where

CRT = Radial Thrust
qh

Radial thrust is the summation of the thrust of the 24 individual nazzles.
For an axial jet, base pressure appears to be primarily influenced by the
portion of the jet plume in the vicinity of the jet boundary where it
interacts with the freestream flow, Where CT can be considered to repre-
sent the axial component of the effective jet, it can be assumed that

CRT represents the normal component.

For the plume size of interest in the present investigation a value
of CT several times the value of CRT i: required for matching base pres-
sures. The exact CT/CRT ratio will depend on a comparison of flight base
pressures with base pressure values forthe normal jet simulator. Where
flight base pressures are unavailable, methods exist which allow simula-
tion of flight rockets with cold air axial jets (see, for example refer-
ence 6). An estimate of the CT/CRT ratio (although crude) is valuable
for use in preliminary design and insuring that the ranqge of CRT values

planned for wind tunnel tests are sufficient.
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RESULTS

Data presented in the plots show radial thrust effects on stability
characteristics, tin normal force, fin hinge moment, and fin root bending
moment. Radial thrust effect on longitudinal derivatives and hysteresis
effects are aiso plotted.

The transonic portion of the tast was run 24-25 January 1975 and was
designated TF360. Severa'l runs were made to determine plume effects at
high angles of attack and at low Mach numbers. These conditions approxi-
mate exit from the launcher for a free rocket configuration. Typical
results at these conditions are shown for the body alone (B) configuration
on page 2 of the data figures. Significant plume effects are apparent
when the thrust level is increased to a CRT value of 12. With a further
increase of CRT to 37.5,plume effects are more severe--but only at angles
of attack between + 1.5 degrees. At higher angles of attack stability
characteristics tend to approach the jet-off case. These results suggest
that the plume effects at a CRT of 37.5 reach forward to the ogive portion
of the body or possibly the nose tip. In this case, the short body tested
does not represent the plume effects on a much longer body such as that
being considered for the free rocket technology program configuration.
Therefore, it is recommended thkat plume effects on long bodies be inves-

tigated for several typical conditions.
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NOMENCLATURE

PLOT
SYMBCL SYMBOL DEFINITION
RN/L RN/L unit Reynolds number; per ft
v velocity; ft/sec
a ALPHA angle of attack, degrees
8 BETA angle of sideslip, degrees
¥ PSI angle of yaw, degrees
¢ PHI angle of roll, degrees
o mass density; slugs/ft3
Cr cT thrust coefficient, axial thrust/qS
Cr CRT radial thrust coefficient, radial
thrust/qS
o= Came fress s s theln peeesute
tic pressure
F.P. FINPOS fin position on body:
1. AFT; Fin Hinge line at M.S. 49,750
2. MID; Fin Hinge line at M.S. 46.000
3. FWD; Fin Hinge line at M.S. 42.250
a spead of sound; ft/sec
Cp cp pressure coefficient; (p; - p_)/q
M MACH Mach number; V/a
p pressure; psf
qQ Q(NSM) dynamic pressure; 1/2pV2, psf
Q(PSF)
P/ Py base pressure ratio

11




NOMENCLATURE (Continued}

{ Reference & C.G. Definitions
Ef A base area; m?, in¢
3 b BREF wing span or reference Span; m, in
c.qg. center of gravity
LREFs C LREF reference length or wing mean
aerodynamic chord; m, in
S, Sref SREF reference area based on body diameter, in?
1 MRP moment reference point
i
5 XMRP moment reference point on X axis
3 .
3 YMRP moment reference point on Y axis
E_ ZMRP moment reference point on Z axis
: Fin Balances
3 Che CNFX fin normal force coefficient,
' X
fin normal force
QSpaf
B CmH CLMHX fin hinge moment coefficient,
¥ X fin_hinge moment
i WBreflref
CmR CLMRX vin root bending moment coefficient,
X
fin root bending moment
Breflref
XCPF XCPFX chordwise center of pressure location
X relative to fin hinge line, positive
toward the leading edge, inches
CNF CNFXALFA fin normal force coefficient derivative
Xg with angle, per degree




NOMENCLATURE (Concluded)

%. Body-Axis System (Main Balarce)
: CH CN normal -force coefficient; ﬂgﬁmﬂagfgrgg
“; Ca CA axiai-force coefficient; ax1a;§jg£gg
E- CY CY side-force coefficient; giggaggggg
G
é, Cm CLM pitching-moment coefficient;
| pitching moment
aStReF
Ch CYN yawing-moment coefficiant,
yawing moment
qsSb
Ce CBL rolling-moment coefficient;
rolling moment
qsSb
Cmu CLMALF pitching moment coefficient derivative
with alpha, per degree
Cyy CHALFA normal force coefficient derivative
a with respect to angle of attack,

: per deyree
T

SUBSCRIPTS

base
local

static conditions
total conditions
free stream

13
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(VIEW LOOKING FORWARD)

Figure 1 - Axis System Sign Convention for Main Balance
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Figure 2 - Axis System and Positive Sign Convention for Fins
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Figure 4 - Sketch of Fins F1 and F4
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PLOTTED DATA

Tabulations of the plotted data and corresponding source data
are available from Data Management Services Operations.
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